ABSTRACT
Introduction
According to the ITalian ACcelerometric Archive (ITACA), the history of Italian strong motion earthquake recordings dates back to 1972. Since then, infrastructures for seismic strong motion recording have been continuously developing, responding to the needs of earthquake-related research and seismic hazard evaluations. The recordings are mainly acquired by the Italian accelerometric network (Rete Accelerometrica Nazionale, RAN) operated by the Italian Civil Protection Department (DPC) and the national seismic network operated by Istituto Nazionale di Geofisica e Vulcanologia (INGV). Because of evolution of these monitoring networks and the shift from analog to digital recordings, availability of high-quality earthquake data rapidly evolved in the last decades.
ITACA, started in 2006, archives those ground motion recordings acquired by different institutions in a unified data format [Luzi et al. 2016a] . The data-set of ITACA contains more than thirty-thousand three-component waveforms from earthquakes with maximum moment magnitude (Mw) equal to 6.9.
As data increase, it is expected (and actually observed) that the largest recorded value of a ground motion intensity measure (IM) tends also to increase over time. This shall occur even if it is postulated that the seismicity shows some stationarity (as it is typically assumed in hazard studies). In fact, the expected value of the maximum in a sample of size n (i.e., obtained from n independent and identically distributed random variables, RVs) increases as n increases. If the RV is the IM in a generic earthquake, then the growth of strong motion databases and/or data from longer observation periods are analogous to enlarge the sample size. The larger the sample the more likely the tail of the distribution is sampled.
The trend of the maximum recorded values of ground motion IMs has been studied somewhat extensively. Bommer and Martínez-Pereira [2000] compiled the history of maximum peak ground acceleration (PGA) and peak ground velocity (PGV), in terms of horizontal and vertical components, recorded worldwide until 1999. That study was extended and updated later by Strasser and Bommer [2009a,b] , S&B hereafter, with a particular interest in causative physical process of large-amplitude ground motions. Çelebi et al. [2000] also showed that the maximum PGA had been increasing with the increase of the recorded strongground-motions, using North American records. Yamada et al. [2009] provided an update until 2009, including Japanese records the largest of which is the 2008 Iwate-Miyagi ( Japan) earthquake. Following this relevant literature, this short study attempts to reconstruct the Italian history of the maximum recorded IMs and compares it with the worldwide trend, which was updated to 2016, investigating the ITACA database and several reputed regional or international seismic data repositories.
The remainder of the paper is structured as follows: the next section describes the investigated databases and the methodology to identify national and worldwide strong motion records with largest seismic intensities in the year of recording. Subsequently, the obtained histories are presented and discussed for PGA and PGV, in terms of both horizontal and vertical components, also linking with data increase per year. Final remarks close the study.
Methodology
To compile the Italian histories of maximum recorded PGA and PGV, a flat-file of the ITACA database was obtained (dr. Lucia Luzi, personal communication). All the processed (both automatically and manually) records in the flat-file, for which PGA and PGV were available, were sorted in terms of recording year. Then, the maximum IM, for each specific year, was determined for horizontal (the largest value between the two as-recorded components was considered) and vertical ground motions. Data are those collected until November 2016.
For comparison, also the worldwide histories of the largest PGA and PGV were updated after the latest relevant studies. In fact, for consistency, herein the worldwide histories were entirely recompiled. To this aim, a number of databases, defined as global or regional depending on the geographic origin of data, was considered. Among global databases those investigated are: the PEER Ground Motion Database NGA West 2 [PEER, Ancheta et al. 2014] , the COSMOS Virtual Data Center [Archuleta et al. 2005] , the Engineering Strong-Motion Database [ESM, Luzi et al. 2016b ], 1 the Selected Input Motion for displacement-Based Assessment and Design [SIMBAD, Paolucci 2013, Smerzini et al. 2014] , and the Earthquake Strong Motion Data catalog provided by the National Oceanic and Atmospheric Administration (NOAA). Among regional databases: the K-NET&KiK-net seismic networks of the Japanese National research Institute for Earth science and Disaster resilience [NIED, Aoi et al. 2004 Quaas et al. 1996 , Alcántara et al. 2000 , Alcántara and Pérez 2004 , released as a CD-ROM (prof. Eden Bojorquéz, personal communication), and the database from Red Acelerográfica del IINGEN de la UNAM, still from Mexico. 2 These data-sources were investigated in one of the following ways depending on the available information.
(1) As for ITACA, the databases directly providing the flat-files with metadata (i.e., PEER, SIMBAD, GeoNet, and CSGMF) were sorted in terms of recording year, then the annual maxima, in terms of the considered IMs, were taken for horizontal and vertical components separately. Note that in PEER, the intensity values are listed in the horizontal orientation-independent scale, RotD50 [Boore et al. 2010] . In this case, the values of RotD50 were ranked first. Then, only for those top-ranking, the two horizontal IM values were retrieved from the corrected waveforms. To complement potential omissions, the horizontal IM values of some record-breaking ground motions specified in other databases were also individually examined. With regard to the vertical components, the PEER database was only used to check top-ranking IM values from other databases. (2) For the databases providing search engines either online or via CD-ROM (i.e., COSMOS, ESM, NOAA, K-NET&KiK-net, PARI, MSMD, and UNAM), the maximum intensity histories were obtained identifying the recordings with the peak IM value year-by-year, with the aid of parameter-entry search functions. In the case of search engines filtering the records by the vector-sum or the largest value IM among the three components, a three-step search was performed: (i) the records were ranked in terms of the IM used by the search engine; (ii) only for some top-ranking, the peak intensity values of each component (two horizontal and vertical) were retrieved using the original waveforms; (iii) the component values were used, in turn, to search again the database for recordings with larger IM, when the latter is the one considered by the search engine. This procedure was carried out for the horizontal and vertical components separately. (3) The JMA database provides only records from some large Japanese earthquakes since the last decades. In this case, all were accessed as well as relevant related literature. The largest intensity value was considered in case of overlapping records among different databases.
It is to note that some of the search procedures employed in this study, which has a modest scope with respect to previous literature (i.e., only comparison with Italian trend), are simplified and may lead to miss some peak IMs. Moreover, while S&B [2009a,b] generally considered uncorrected records, herein waveforms are mostly corrected ( Japanese and Mexican records are an exception). Also, the strong motion data sources covered in this study are not exactly the same as S&B [2009a,b] . Thus, the generality of the results may be limited. Table 1 and Table 2 chronologically show the ground motion records with the largest IMs retrieved as discussed in the previous section, and provide the basic ground motion parameters (the soil classification in the list is based on Eurocode 8 or EC8, CEN 2003). As it regards PGA (Table 1) , the first available recorded values are from 1972. The maximum PGA for that year is from the Ancona earthquake (local magnitude, M L , 4.7), 0.56g horizontal and 0.28g vertical, at the Ancona Rocca station. Four years later, these values were exceeded by an aftershock of the Friuli earthquake on September 15 1976 (Mw 5.9), with 0.64g horizontal and 0.49g vertical, at the Gemona station. The horizontal maximum was surpassed more than thirty years later by an aftershock of L'Aquila earthquake on April 7 2009 (Mw 5.5) at the Sant'Eusanio Forconese station: 0.66g. It was further updated to 0.87g by the Amatrice earthquake (Mw 6.0), that is the event initiating the 2016 central Italy seismic sequence. 3 Interestingly, it seems that, after the 1976 Friuli earthquake, the vertical maximum was exceeded by a small-magnitude event (Mw 4.3) in the 1997 Umbria/Marche sequence at the Casermette station, with 0.73g. The 2012 Emilia earthquake (Mw 6.0) increased the vertical maximum PGA to 0.86g, followed by the Norcia earthquake on October 30 2016 (Mw 6.5) with 0.89g at the Savelli PG station. From this analysis, it is concluded that the maximum PGA values in Italy increased by approximately 54% and 220% in horizontal and vertical components, respectively, in the last forty-five years.
Italian trend
Regarding the Italian largest PGV history, the lineup in Table 2 is similar to PGA, except that no records from the 2009 L'Aquila or the 1997 Umbria/Marche sequences appear; in turn, the 1980 Irpinia earthquake (Mw 6.9) scores for both horizontal and vertical PGVs at the Sturno station. Again, the 2016 central Italy seismic sequence, the event on October 30 (Mw 6.5) in particular, holds the current maxima for horizontal and vertical components, 0.8m/s at the Amatrice (T1201, Domo RI) station and 0.7m/s at the Castelluccio di Norcia station, respectively. Figure 1a ,c shows the global trend of the maximum recorded PGA history for horizontal and vertical components, up to the end of 2016. As already shown in literature, the retrieved maximum PGA history starts with the 1933 Long Beach earthquake (at Public Utilities Building, California, 0.2g and 0.3g for horizontal and vertical, respectively) and terminates with the 2008 Iwate-Miyagi earthquake, Japan (2.5g at the Higashinaruse AKTH04 station, for horizontal; 3.9g at the Ichinoseki IWTH25 station, for vertical). The present study revealed that, since then, the recordings from the 2011 Tohoku ( Japan) earthquake led to update the previous maximum PGA for the horizontal component to 2.8g (at the Tsukidate MYG004 station). It is worth to note, however, that the peculiarity of the Tsukidate record has been discussed by a number of researchers [e.g., De Luca et al. 2011 , Goto and Morikawa 2012 , Nagashima et al. 2012 and Motosaka 2012 .
Worldwide trend

PGA
The compiled history up to 2008 is mostly consistent with S&B [2009a,b] . Nevertheless, there are a few exceptions. Some earthquakes from the aforementioned studies did not show up in this investigation and vice-versa (Figure 1a) . It is believed that this is mainly due to processing of waveforms. In particular, for the horizontal component, the maximum PGA value from the 1984 Morgan Hills earthquake (corrected:
1.2g at Coyote Lake Dam, San Martin, in NOAA, 1.16g in COSMOS; uncorrected: 1.3g, Shakal et al. 1984) does not appear in this study because of the larger value from the 1971 San Fernando earthquake (1.24g at Pacoima dam in PEER, 1.17g in COSMOS). Conversely, the 1994 Northridge earthquake (corrected: 1.78g at the Tarzana (Figure 1c) , the trends are similar between two studies, there are a few discrepancies in the PGA values though. It is also worth to mention that this study verified via literature some large PGA values of Japanese earthquakes. This is the case of the JMA Kushiro record from the 1962 Hokkaido (Hiroo), for which information in Dan (1995) was considered more reliable than that from NOAA. Moreover, the largest PGA values from the Jap- For more detailed information of the discussed ground motions, see Table 3 (the soil classification in the list is based on NEHRP soil classification -BSSC, 1994 -mostly extracted from the PEER flat-file).
PGV
The global maximum PGV histories of horizontal and vertical components were also examined and the results are presented in Figure 2a ,c. It is to note, however, that it was less straightforward to reconstruct the history for maximum PGV rather than for maximum PGA. This is because PGV values for the same records were found to be different among databases, likely because PGV is more sensitive to processing. It is also to mention that PGVs are not provided by all examined databases. For the former case, the discrepancies were solved considering the largest PGV values among those available. The latter case corresponds to the Japanese and Mexican repositories for which PGV is not provided. Therefore, the investigation was limited to some accelero- grams from the seismic events with the largest PGAs and some famous large earthquakes. For those records, the PGV values were computed from the corrected accelerograms (linear base correction and forth-order Butterworth filter between 0.10 Hz and 25Hz). The reconstructed horizontal history is composed by the following records: the 1933 Long Beach, California (0.29m/s at Public Utilities Building), the 1940 El Centro, California (0.37m/s at Array #9), the 1966 Parkfield, California (0.78m/s at Cholame 2WA), the 1971 San Fernando, California (1.14m/s at Pacoima dam), the 1978 Tabas (1.23m/s, at Tabas, Iran), the 1992 Cape Mendocino (1.26m/s at Cape Mendocino, California), the 1994 Northridge, California (1.48m/s at the Rinaldi receiving station), and the 1999 Chi-Chi earthquakes, Taiwan (2.6m/s at Taichung, TCU068). S&B [2009a,b] created a single envelope for PGV, while this study accounted for the horizontal and vertical components separately. Nevertheless, the updated horizontal PGV history has some agreement with prior studies. Exceptions are PGV values from rotated waveforms (e.g., for the 1979 Imperial Valley, California, the 1987 Superstition Hill, California, and the 1994 Northridge, California, earthquakes) and processing (e.g., the 1992 Landers, California, Iwan and Chen [1995] , the 1999 Chi-Chi, Taiwan, earthquake , Wang et. al. [2002] ).
Compared to the horizontal envelope, relatively smaller increase in the vertical PGVs was observed over the years. The record-breaking events in vertical component are: the 1933 Long Beach, California (0.31m/s at Public Utilities Building), the 1971 San Fernando, Taichung, TCU068) . Overall, the study showed no increase of maximum values in the current decade. See Table 4 for detailed ground motion information.
Discussion
Data increase
It is noted that maximum PGA and PGV values recorded so far qualitatively align if plotted in logarithmic scale versus time. This is shown in Figure 1b,d and Figure 2b ,d, where the recorded maxima are shown in logarithmic scale. These trends can be associated to the rapid increase of the archived strong motion records in the databases, which is illustrated in Figure 3 , where the cumulative number of three-component accelerograms is plotted for each of the examined databases. 4 It can be seen that the amount of data has been rapidly increasing especially in the last decades.
Italy vs world
The global and Italian trends of maximum recorded IMs are compared in Figure 1a ,c and 2a,c. The Italian values, as expected because of the features of the regional seismicity and the period for which instrumental data are available, are significantly smaller and have increased at a slower pace.
Final remarks
The presented study attempted to examine the maximum values of peak ground motion parameters (i.e., PGA and PGV) ever recorded in Italy. For comparison, starting from relevant literature on the topic, the study also tried to recompile and update the worldwide trend via the analysis of a number of national and international strong motion databases. The notable remarks are listed as follows. 1. The largest recorded intensity values in Italy were , respectively (although there is discussion about some of these values); the PGV current maxima are larger than 2.0m/s (horizontal and vertical), both from the 1999 Chi-Chi earthquake. 3. The global trend of peak IMs corresponds to a rapid growth of strong motion data available. Moreover, the maximum values of PGA and PGV recorded worldwide so far qualitatively align when plotted in logarithmic scale versus time.
The obtained trend can provide reference values for further observations or for hazard assessment studies, which often need to extrapolate towards large return periods and intensities. However, it is to remark that the generality of the results may be limited by the data available to the authors and the simplified search in some databases.
Data and sharing resources
The following strong-motion databases were considered as data sources for this study (all last accessed on Feb. 
